There are three main areas of contact between odontology and speech pathology: those disorders of articulation and resonance caused by clefts of lip and palate; second and most common, those associated with morphological variations of the facial skeleton and oral soft tissue; finally, those due to neuromuscular dysfunction. One of the most interesting points of association is our attitude to maturation and its effect upon both disorders of speech and orthodontic problems. Simple 'infantile' articulation patterns are only abnormal when they persist after the average stage of development has been passed: the norms for development of language and articulation are very wide; the norms of performance in the nonpathological areas are also wide. This is more obvious in language where the influence of background and education are operative. In articulation, disregarding the factor of dialect, the individual differences in performance are far from obvious. Within the group of individuals sharing the same dialect there are a number of slight differences, few of which occur above the thresholds of auditory and visual perception. Whilst the study of these minor differences between speakers would appear to be of little more than academic interest, they offer the means of analysis of the grosser aberrations of articulatory movement characteristic of dysarthria. If we are to assess the effects of training schedules we must make the finest possible assessment of the original conditions and of the slightest alterations in performance.
There are three main areas of contact between odontology and speech pathology: those disorders of articulation and resonance caused by clefts of lip and palate; second and most common, those associated with morphological variations of the facial skeleton and oral soft tissue; finally, those due to neuromuscular dysfunction.
The contributions of Rix (1946) and of Ballard & Gwynne-Evans (1948) led to a greater interest in the biological aspects of soft-tissue function and introduced a new approach to the problem of oral vegetative activity and associated speech disorders. Their work concentrated on the observation and evaluation of orofacial structural and motor phenomena. The serial developmental studies continued by Tulley (1964) consist of standardized film records of speech and more basic patterns of orofacial behaviour.
The orthodontist is interested in the assessment of normal and abnormal articulatory patterns at a finer level, at least in the motor and structural component, than almost any other worker involved in the study of speech. (Fawcus 1966 ) a similar proportion was discovered which differs greatly from the general assumption that the occurrence of the two types is dependent upon chance.
Some of the most interesting speculation which has arisen out of the contact between orthodontists and speech therapists has been associated with the connexion which Ballard & Bond (1960) suggested might lie behind the divergence in articulatory forms and ethnic endowment. Darlington (1947) What factors are operating in the children who fall into these deviant groups? A few are likely to have a structural pattern which requires so much extra effort that only slow careful performance of isolated words produces articulation which sounds normal; when faster rates of articulation are attempted, the movements and consequent acoustic product are recognized as defective. This picture is not unusual in the early stages of speech development: we see many children in their 3rd and 4th year who appear to have a 'mouthful of tongue'; by 6 or 7 the majority of these children have developed sufficient intra-oral 'space' to facilitate the rapid precise manceuvres which some other children can achieve at the age of 2 years.
Apart from purely structural factors, the skills required to produce normal articulation follow a similar distribution to other skills. The majority of a population probably falls into a central group with a typical small proportion of individuals whose ability exceeds the average. A 'skewed' distribution can be expected in the lower range of skills because the numbers are swelled by specific pathological factors.
The disorders represented include hearing loss, minimal cerebral dysfunction and dysarthria or dyspraxia. Some children exhibit difficulties in imitation which are reminiscent of acquired articulatory dyspraxia in adults. They appear to understand the instructions given, there is no observable muscular dysfunction as would be the case in dysarthria and yet they are unable to imitate movements of the speech musculature.
Section ofOdontology
There are children in this group who can produce the required sounds in isolated syllables or words but consistently omit them during continuous speech.
One of the most difficult problems which a speech therapist faces is the assessment and treatment of the many types of dysarthria. A wide range of underlying disorders give rise to the symptoms of dysarthria. Like many of the problems encountered in orthodontics the truly pathological problems are obvious; there is, however, a proportion of the cases which one sees who have a genetic endowment which falls short of the average. Dysarthria is a term employed to describe disorders of articulation due to neuromuscular dysfunction. There are usually associated problems of resonance due to involvement of the nasopharyngeal sphincter and in many cases the pathological condition affects the musculature of the larynx and the respiratory mechanism, producing disorders of voice. Disorders of articulation, however, may be due to problems of maturation in that a child may pass through developmental stages at a slower rate than the majority of his peers. Disorders of hearing, particularly high frequency deafness, may give rise to articulation disorders; abnormal auditory memory span or defective acoustic analysis may also lead to articulation disorders in the absence of detectable hearing loss at the receptor level. Imitation and other learning problems similarly affect the acquisition of a normal articulatory pattern.
The speech therapist shares with the orthodontist the concern for the way in which the feeding problems of infancy develop into the articulation difficulties of the developing child.
There is a surprising discrepancy between the findings of American and British workers on the prevalence of tongue thrusting. Fletcher et al. (1961) report that over 30% of all 11-year-old children in a study of a Californian school sample exhibited tongue thrust. This contrasts vigorously with Tulley's (1964) findings of 2-7% of 1,500 1 l-year-olds in London. Our own attitude to this problem of tongue thrusting is that we are observing a phenomenon which is related to complex features of morphology and function. We are as sceptical about the possibilities of successful retraining as many American workers are optimistic. The changes in behaviour which are alleged do not appear to have been investigated thoroughly. There is a need for much more information regarding the basic physiology, anatomy, psychology and phonetics of the situation.
In an attempt to obtain reliable information regarding the sensorimotor potentialities of the tongue, we set up a series of pilot studies employing techniques described by Tulley (1964) . The first stage was the assessment of lingual stereognosis employing a procedure which Professor Tulley had acquired whilst working with J Bosma and R C Grossman at the National Institute of Dental Research in Boston. In experiments (Fawcus 1966 ) a series of Perspex shapes were mounted on a rod which was designed to clip over the lower incisors in order to standardize the position for investigation by the tongue tip. The shapes were presented to the child when his eyes were closed. After withdrawal of each shape he was required to point out the correct drawing from a random series.
Collaboration with a worker in the prosthetics field led to the acquisition of a new test. Berry & Mahood (1966) describe an ingenious test which they were employing to determine factors relating to the tolerance of prosthetic appliances in the mouth. The simplest of Berry's tests of oral ability was selected. This required the subject after a few seconds of visual examination to place two sections of a Perspex matrix into his mouth and join the pair together with his tongue. The subject's performance over three trials was timed with the aid of a stop-watch and his score was the, mean of the second and third trials, the first being granted as a 'warm up' trial. This experiment was followed by a task designed to provide a quantitative result. The procedure involved was a distant relation of work which had been carried out by psychologists studying the visual perception of the octopus. Paired Perspex discs were set at right angles to a bite plate. One of the pairs consisted of identical 1 cm discs. The other three differed from this standard stimulus in that there was a progressive 1 mm reduction in the diameter of one of the discs. Presentation to the subject was similar to the lingual stereognosis test. The pairs were presented to a group of 20 speech therapy students for a total of 40 trials. The order of the pairs was randomized as was the order in which novel stimulus was alternated. An interesting laterality effect appeared in the course of the experiment. When the novel stimulus occurred on the right it was explored by the left side of the tongue tip. There was a statistically significant difference between accuracy of judgment when the novel stimulus appeared on the right side compared with the left (t=5-43; degrees of freedom 18, significant at the 1 % level). This unexpected finding is in agreement with suggestions from many speech pathologists that there is a laterality factor in the performance of lingual clicks and anterior lingual rolled consonants like the Scottish 'r'.
When it came to subsequent steps in this study there were certain points which had clearly arisen from earlier experiments:
(1) Any test of lingual mobility must have a range of difficulty which includes all normal speakers. It is therefore necessary to devise a series of tests which contain very simple items in the early stages.
(2) Simple tasks of short duration involve greater experimental error, especially in the timing of the process. Tests now being developed automatically switch on an electronic digital timer. Successful completion of the test switches off the timer giving the results in milliseconds or even less. (3) It appears necessary to clarify which property of the tongue one is investigating. In the tests of mobility previously employed, both tactile and kinesthetic stimuli were present. It may be necessary to separate these functions either pharmacologically or by equipment design which operates below tactile thresholds.
